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hormonal levels later in life. It is well known that the incidence of cardiovascular disease events increases after menopause in women in general, 14 and also after premenopausal prophylactic oophorectomy. 15 Thus, one hormonal protective factor among PCOS women could be the higher menopausal age, causing a delayed decrease in estrogen levels that may protect against cardiovascular disease.
Menopause is defined as the point in time when there has been no menstrual period for 1 year and no other biological or physiological cause can be identified. Consequently, menopause has to be defined retrospectively. Physiologically, menopause occurs when the number of ovarian follicles declines below a critical threshold (estimated to be ~1000 follicles) and ovulation ceases. 16 Reproductive aging starts prior to birth and continues until menopause, when the primary mechanism is the depletion of the ovarian pool of follicles.
The age of menopause varies between women and it is unclear whether this difference is due to the original number of follicles or differences in the depletion of the follicles. Women with PCOS have higher anti-Müllerian hormone (AMH) levels as compared with controls, 17 and the AMH levels are highly correlated with antral follicle count on ultrasound and can be used as a surrogate for follicle number. 18 Thus, it is biologically likely that women with PCOS would reach menopause later. The age of menopause in the general population is around 51 years. 19 To address the question of whether women with PCOS reach menopause later than age-matched controls, we conducted a followup cohort study of women with well-characterized PCOS that was diagnosed 24 years ago. We hypothesized that women with PCOS would reach menopause later than non-PCOS women. Parity during these 24 years was also studied.
| MATERIAL AND ME THODS

| Women with PCOS
In 1992, 33 women attending Sahlgrenska University Hospital for infertility or hirsutism, were diagnosed with PCOS according to the National Institute of Health criteria. 20 They were then invited and agreed to participate in a study regarding hormonal treatment for hirsutism, including clinical examination, blood sampling and structured interviews before the intervention.
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A follow-up study was carried out in 2016. Of the 33 women with PCOS, five had died and one declined to participate. Thus, 27
PCOS women, at that time aged 42-63 years, were included. Of these, 25 participated in all parts of the follow-up study and two completed the interviews only.
Since all the women in the PCOS group had been previously diagnosed using National Institute of Health criteria, all of them also fulfilled the Rotterdam criteria. 
| Controls
A randomly selected population sample of women participated in 
| Anthropometry
Height was measured to the nearest 0. Waist and hip circumference were measured to the nearest cm in the standing position over the umbilicus and the maximum circumference over the buttocks, respectively, and the waist-to-hip ratio was calculated.
| Structured medical history including menopausal age
At the clinical examination, data were retrieved on current and previous diseases, medication, parity and if and when the women estimated that the menopause (the last menstrual bleeding) had occurred. Menopause was defined as the last menstrual bleeding followed by 1 year of amenorrhea and thus was defined retrospectively. Women using hormone replacement therapy or oral contraceptives were categorized as using systemic hormone therapy.
Similar protocols were used for the controls and the PCOS women. The women with PCOS were also asked whether they had had infertility treatment at any time (yes or no).
| Biochemical assays
Fasting venous blood samples were taken between 07:30 and 08:30 hours in the supine position after at least 15 minutes of rest.
The blood samples were drawn on cycle days 7-9 in the control group but not timed with the menstrual cycle in the women with
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In this 24-year prospective controlled study of well-characterized polycystic ovary syndrome women, women with polycystic ovary syndrome were found to have a 4-year delay in menopausal age and similar parity as a random population sample of women.
PCOS. The analyses were performed at the accredited (SWEDAC For all hormonal analysis, women using systemic hormone therapy were excluded from the statistical analysis. Sample size calculation (α = 0.05, power = 0.80) was performed.
| Statistical analyses
To detect a difference in menopausal age of 2 years (with 3 years SD) would require a total sample size of 74. To detect a difference in parity of 0.5 (with 1 SD) would require a total sample size of 128.
| Ethical approval
The study was approved by the Regional Ethical Review Board in Gothenburg (reg. nos. 221-16, 088-06 and T282-11), and all the women gave their written informed consent.
| RE SULTS
Background characteristics of the PCOS women and controls are shown in Table 1 .
The mean age of women with PCOS and controls was simi- Table 2 ). The proportion of S-FSH levels above 50 IU/L ( Table 2 ) was 22% among the women with PCOS and 55% among the controls (P < 0.01).
In women with PCOS, 37% (n = 10) stated that they were postmenopausal, compared with 57% (n = 54) of the controls (ns). In all, 44% of PCOS women stated that they were premenopausal, compared with 26% of controls.
Five of the women with PCOS and 16 of the controls were not certain whether they were menopausal, and three of the women in the PCOS group and two in the control group who claimed to be postmenopausal, could not report their actual age at menopause.
The causes were hysterectomy, bilateral oophorectomy, long periods of amenorrhea, hormonal intrauterine devices or systemic hormone therapy. To check whether BMI was associated with menopausal age, a linear regression was performed, showing no association (P = 0.458).
There was no difference in parity between women with PCOS and controls ( Table 2 ). The distribution of parity (0-4) is shown in Figure 1 . Nulliparity was similar in both groups. A tendency towards more children was seen in the PCOS group; 33% of the women with PCOS had more than 2 children, compared with 22%
in the control group (P = 0.212). At least 50% of the women in the PCOS group had had infertility treatment before one or more of their pregnancies. No data were available on infertility treatment in the control group.
| D ISCUSS I ON
The main finding of the present study was that women with PCOS reached menopause 4 years later than their age-matched controls.
S-FSH levels and the proportion of women with S-FSH >50 IU/L were also lower in women with PCOS. Neither parity nor nulliparity differed between PCOS and controls.
TA Few previous studies have focused on menopausal age in women with PCOS. One study, including more than 300 British women, and with data obtained from general practice records and questionnaires, could not find a difference in menopausal age in women with PCOS. 25 However, that study had a substantial nonresponse rate; only 38% of the initial PCOS cohort answered the questionnaire at follow-up in the study. 23 The majority of the women had undergone ovarian surgery, including wedge resection, which reduced the ovarian reserve and had plausible secondary consequences for menopausal age. 23 A recent epidemiological study of 61 936 women undergoing mammography in Sweden investigated whether common self-reported diseases affected the age of the natural menopause. It was found that a self-reported PCOS diagnosis was independently associated with delayed menopause, which is in line with the present study. 19 However, neither of these studies reported on gonadotropin levels. 19, 25 There have been attempts to calculate the menopausal age of women with and without PCOS based on AMH levels earlier in life. 17, 26, 27 The postulated menopausal age of women with PCOS, based on AMH, was approximately 2 years later than that of controls. 27 This is in line with our findings of the verified menopausal age, based on medical history and biochemistry.
Polycystic ovary syndrome can only be diagnosed during the reproductive years. Hence, estimations of outcomes later in life require long-term follow-up studies of well-characterized populations.
All the women with PCOS included in this study were diagnosed 24 years ago, at the age of 19-38 years.
Already in 1992, our research group suggested a higher menopausal age in women with PCOS when studying another cohort of PCOS (n = 27) Controls (n = 94) Hormonal IUD, n (%) 2 (7.4) 9 (9.6) 1.000
P-value
P-values that are statistically significant are shown as bold. For PCOS, n = 27, except for FSH and LH (n = 23) and menopausal age (n = 7). For controls, n = 94 except for FSH and LH (n = 84) and menopausal age (n = 52). FSH, follicle stimulating hormone; IUD, intrauterine device; LH, luteinizing hormone; SOE, salpingo-oophorectomy.
TA B L E 2 Gonadotropin levels, menopausal age and parity in women with polycystic ovary syndrome (PCOS) and controls. Mean ± SD is given and percentages (%) in parentheses. Median and range is also given women with PCOS. 3 The 21-year follow up of that cohort and their age-matched controls 5 showed no difference in menopausal age.
However, in the same study, the women with PCOS had lower S-FSH levels into their 70s, but their S-estradiol levels were similar to those of the non-PCOS group. One explanation could be that the majority of the women with PCOS from that study 5 had undergone ovarian surgery (including wedge resection, the treatment of choice at that time). Ovarian surgery leads to a decrease in the ovarian reserve, which could lead to an earlier menopausal age. For this reason, this result cannot be generalized to women with PCOS who have not undergone ovarian surgery, as in the majority of the women with PCOS in the present study.
On average, the early menopausal transition starts at age 47 and the late transition with the rise in FSH usually starts at age 49. 24 The age of menopause has been shown to be around 51 years in women in the general population. 28, 29 During the menopausal transition, S-estradiol falls with a concomitant increase in S-FSH. 24, 30 Regarding S-FSH, Burger et al 24 showed that the levels increased The later menopausal age in women with PCOS could not be explained by smoking, which is a confounder and leads to an earlier menopause. 31 Smoking habits, both current and previous, were similar in the women with PCOS and controls in the present study.
The women with PCOS in this study had higher bodyweight than the controls. In PCOS, independently of obesity, ovarian function seems to normalize during the late reproductive age, with an increased number of ovulatory cycles and more regular cycles. [32] [33] [34] Whether obesity is a factor that affects the menopausal age is still unclear, with diverging results from different studies, as reviewed by Al-Safi and Polotsky. 35 In the present study, no association was seen between BMI and menopausal age.
A delayed menopausal age in women with PCOS is not only of reproductive interest.
It is tempting to believe that the sustained ovarian hormone levels may be protective against, or play a role in the absence of, increased cardiovascular events found in the previously studied cohort of women with PCOS. 9 Further confirmatory and larger studies are needed in this field.
Another finding of the present study was that women with PCOS had similar parity and nulliparity levels to controls. This is important knowledge for young women diagnosed with PCOS, who may worry about their future reproductive capacity. None of the women with PCOS in the current study had undergone wedge resection or ovarian drilling.
The present results are similar to the results from a Finnish study where women with symptoms from both oligo-amenorrhea and hirsutism were compared with women without either of these symptoms at the age of 44. 36 The Finnish study showed no difference in having at least one child. In contrast to the present study, women with oligo-amenorrhea and hirsutism in the Finnish study had a smaller family size than women without symptoms did. 36 The women in the current study had a tendency towards a bigger family size, although this was not statistically significant ( Figure 1 . One reason for the contrasting results could be that the present women with PCOS were recruited from a hospital setting, which enabled them to get help with possible infertility problems.
Indeed, at least 50% of the women with PCOS had had infertility treatment before one or more of their pregnancies. It is known that BMI is a predictor of treatment resistance in pharmacological induction of ovulation. 37 With this in mind it is encouraging to see the good results on both spontaneous and assisted pregnancies in the PCOS group, despite the higher average BMI. No data were available regarding the proportion of infertility treatment in the control group.
Limitations of the present study were the small sample size of the groups and the evaluation of the controls some years before the investigation of the PCOS women. 23 
| CON CLUS ION
Women with PCOS reached menopause 4 years later and had lower S-FSH levels than their age-matched controls. Neither parity nor nulliparity differed between the groups.
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